This project was designed to compare differences in brain proton spectra between children and adolescents with bipolar disorder (BPD) 
Bipolar affective disorder (BPD) is a severe, recurrent, potentially life-threatening illness (Tondo et al. 1998) . Epidemiological data (Lewinsohn et al. 1995) , suggest that the prevalence of juvenile-onset BPD may be as common as rates reported in adult populations, although estimates vary widely (Costello et al. 1996) . Given the increased frequency of lithium use among children and adolescents (Ryan et al. 1999) there is a clear need to assess the effects of lithium in pediatric populations. Children may have greater lithium resistance than adults (Himmelhoch and Garfinkel 1986; Hsu 1986) , and it may take up to six weeks to determine, based on clinical signs and symptoms, whether a child is responding to treatment. Biological markers of treatment response would be extremely useful, particularly in these times of limited inpatient resources. The present study measured the magnetic resonance of myo-inositol and other metabolites with 1 H MRS in pediatric subjects diagnosed with BPD, before and during lithium therapy, with baseline comparison to normal controls individually matched for age and gender. We hypothesized that lithium would have an effect on the magnetic resonance of myo-inositol in the anterior cingulate cortex in children with BPD, as measured by in vivo proton magnetic resonance spectroscopy ( 1 H MRS). Secondarily, we postulated that a decrease in myo-inositol signal in response to lithium might be a predictor of treatment efficacy.
Lithium has traditionally been the preferred treatment of the manic phase of bipolar illness in adults, children (Geller and Luby 1997) , and adolescents (Strober et al. 1995) with BPD. Open-label (Hsu 1986; Carlson et al. 1992; Strober et al. 1995) , and one doubleblind placebo-controlled study of adolescents with substance abuse and mania (Geller et al. 1998) suggest that juveniles with BPD may have somewhat reduced benefit from acute lithium therapy compared with adults. Nevertheless, lithium continues to be widely prescribed among children and adolescents with BPD (Geller and Luby 1997) as well as for young patients presenting with excessive irritability (Fava 1997 ) and extreme affective dysregulation (Vitiello and Stoff 1997) .
The precise neurobiological mechanisms whereby lithium reduces acute manic excitement and protects against recurrence of illness remain uncertain. It is apparent that lithium exerts an effect on intracellular second-messenger systems in which activated receptorligand complexes stimulate the turnover of inositolcontaining phospholipids (del Rio et al. 1998; Feldman et al. 1997; Murray and Greenberg 1997; Soares et al. 1999 ). Lithium's inhibitory action on receptor-mediated signal-transduction pathways has been demonstrated in vitro (Atack et al. 1995) showing that it reduces myoinositol levels by non-competitively inhibiting the enzyme inositol monophosphate, a catalyst for converting inositol monophosphate hydroxyls to myo-inositol (Manji et al. 1996) . Since the phosphoinositide cycle (PI) regulates a wide variety of neuronal functions, including intracellular calcium mobilization and protein kinase C (PKC) activity (Feldman et al. 1997) , lithiuminduced modification of the PI cycle has been proposed as a potential therapeutic mechanism underlying its mood-stabilizing effect (Berridge et al. 1982; del Rio et al. 1998; Murray and Greenberg 1997; Soares et al. 1999) . Although brain tissue can synthesize myo-inositol de novo , the ability of neurons to maintain a steady-state supply of cytosolic myo-inositol appears to be crucial to the resynthesis of phosphoinositides, and, conceivably, to the membrane receptor response to stimulation and neuronal homeostasis. Dampening of PI-mediated signal transduction in excitatory neurons would therefore, result in antimanic effect (Feldman et al. 1997) .
However, clinical findings bearing on PI signal transduction activity in BPD are inconsistent (Feldman et al. 1997) . Most information about PI metabolism in BPD derives from studies using tissues other than CNS (Atack et al. 1995; Feldman et al. 1997) . Indirect evidence for altered PI metabolism in individuals with BPD has been suggested by a reduction in cytosolic and membrane-associated PKC activities in platelets of lithium-treated subjects with BPD (Friedman et al. 1993) ; and by elevated platelet membrane phosphatidylinositol-4,5-bisphosphate (PIP2) in medication-free patients with BPD during the manic phase (Brown et al. 1993) .
Indirect in vivo measurement of brain inositol metabolism in adult patients treated with lithium has been attempted through measuring phosphomonoester peaks with phosphorus ( 31 P) magnetic resonance spectroscopy (MRS) (Kato et al. 1995) , proton ( 1 H) MRS (Kato et al. 1996; Silverstone et al. 1996) and lithium MRS (Gonzalez et al. 1993; Kato et al. 1993; Sachs et al. 1995) (involving a lithium-sensitive coil). In vivo 1 H MRS is a non-invasive technique for measuring metabolite concentrations in living tissue . The major compounds observed in 1 H MRS spectra of the brain are myo-inositol (mI), choline moieties (Cho), creatine (Cr), and N-acetyl-aspartate (NAA) (Miller 1991 ). Sharma and colleagues (Sharma et al. 1992) reported an elevation of the inositol/Cr ratios in the basal ganglia of adult patients treated with lithium, a finding that appears to contradict in vitro findings showing a decrement of inositol with lithium treatment in animals (Manji et al. 1996) . Likewise, Silverstone and colleagues (Silverstone et al. 1996) reported that chronic lithium did not alter human myo-inositol/Cr peak ratios as measured by 1 H MRS, in a study of seven volunteer subjects receiving lithium compared to four volunteers receiving placebo over seven days. These studies appear to contradict the hypothesis that lithium significantly affects brain concentrations of myo-inositol or phosphomonoesters. However, the possibility cannot be discounted that these earlier failures to detect changes in brain metabolism (ie. myo-inositol and phosphomonoester concentrations) were due to small samples, or studying patients who were on lithium at serum levels in the lower end of the therapeutic range (Sachs et al. 1995) .
Recently, Moore and colleagues (Moore et al. 1999 ) used 1 H MRS to study lithium's effects on in vivo brain inositol and choline levels in adult depressed patients with BPD. Brain myo-inositol and choline levels were measured at three time points: at baseline, after 5-7 days of acute lithium treatment and 3-4 weeks of initiation of lithium. Significant decreases, averaging 30%, were observed in levels of myo-inositol in the right frontal lobe following acute lithium administration, which persisted through one month of treatment. Reduction in myo-inositol resonance was observed prior to onset of observed clinical improvement, suggesting a marker for the beginning of a cascade of neuronal changes involving PKC regulation, and gene expression of the major PKC substrate, myristoylated alanine-rich C-kinase substrate (MARCKS), all potential sites for lithium action in the brain.
At present, the effect of lithium on myo-inositol in children with BPD remains largely unknown. We are not aware of any studies examining this measurement so far. The present study sought to assess this effect with in vivo 1 H MRS in 11 pediatric subjects with BPD tested before and after one week of lithium therapy, including baseline comparison with 11 normal controls individually matched for age and gender.
SUBJECTS AND METHODS
The study was reviewed and approved by the UCLA Human Subjects Protection Committee. All patients, parents, and controls provided written informed consent and assent. Subjects received a semi-structured interview with the Mini International Neuropsychiatric Interview for Children and Adolescents (Mini-Kid) (Sheehan et al. 1998) , and had Young Mania Rating Scale (YMRS) (Young et al. 1978) scores above 12 prior to enrollment. A child psychiatrist (PD), who reviewed the inpatient's team assessment and research measures to reach a best estimate diagnosis, ascertained diagnoses. All patients received a medical and psychiatric history, as well as a complete physical and neurological examination. Routine laboratories screen and thyroid screen were obtained on all patients. Patients were excluded if their age was below 5 or over 18, if they had history of prior lithium treatment failure, if they met diagnostic criteria for mental retardation, pervasive developmental disorder, or schizophrenia. They were also excluded if they had an uncontrolled medical disorder, including thyroid disease, seizure disorder, or neurological disease. One patient with well-controlled diabetes was allowed to participate in the study. Patients with implanted metallic devices or significant claustrophobia were excluded. The majority (n ϭ 9) of the sample received a diagnosis of BPD mixed type. Two patients received a diagnosis of BPD Type II. Five of eleven patients (45.4%) also received the diagnosis of Attention Deficit Hyperactivity Disorder (ADHD) and four (36.3%) the diagnosis of Oppositional Defiant Disorder (ODD). One child satisfied DSM-IV diagnostic criteria for Chronic Motor Tic Disorder.
Subjects were scanned on a GE 1.5 Tesla Signa scanner on two consecutive weeks, before and after lithium. Prior to each scan all subjects received a YMRS (Young et al. 1978 ) and a modified Clinical Global Impression (CGI) for BPD (Spearing et al. 1997) completed by a child psychiatrist (PD), with parent's input. The parent(s) were allowed to remain in the scanner room with their children during the procedure. Although the manic subjects were motorically more hyperactive than the non-manic controls, with the exception of two subjects (requiring sedatives) there were no substantial differences among the preadolescents. They all presented with mild to moderate degree of anxiety inside the scanner, needing the assistance of their parents to entertain them during interval periods of the procedure.
The inpatient ward physician (blind to the study) titrated lithium according to a standard protocol. The loading dose was 30 mg/kg, titrated by 300 mg in children below 35 kg, 600 mg in children between 25 and 40 kg, and 900mg in patients above 40 kg, every 3-5 days. The addition of lithium was assessed as a single variable, provided that all concomitant medications were maintained constant during the lithium titration. Patients with a CGI of 2 ("much improved") or above at week 1 were considered "responders" for purposes of a separate analysis. Two children who were severely manic received 25 mg of oral thioridazine one hour before their scan.
Medication-free normal controls case-matched (one to one with patients) for age and gender were scanned and compared with their BPD counterparts at baseline. They received a medical and psychiatric history, mental status examination, as well as YMRS, CGI and a Children's Depression Rating Scale (CDRS) (Poznanski et al. 1979 ) to rule out any lifetime and present Axis I psychopathology.
H MRS PROTOCOL
All children and adolescents received a localized in vivo 1 H MRS scan while in a manic, a hypomanic, or a mixed episode. Landmark of the axial plane was done at the center of the forehead, 1-cm above the eyebrows in all subjects to standardize heads positioning from scan to scan. To minimize head movements, the forehead was affixed with adhesive tape to the MRI stretcher and neck support was provided when necessary. Scans were repeated when motion artifacts were detected on the localizing scan, or when the linewidth clearly revealed a motion artifact. If necessary, scanning was interrupted and reinitiated after head adjustments were made and further support was offered to the patient. A short series of axial localizing images were acquired (Spin Echo, TR/TE ϭ 500ms/14ms, 3mm contiguous slices, 256x192 matrix size, NEX ϭ 0.75, FOV ϭ 22cm, acquisition time ϭ 1 min) to maximize gray-white matter differentiation and measure specific regions of interest. A systematic approach to reference voxel positioning to identifiable anatomical landmarks in all subjects and controls was used. An axial cut approximately 1 cm above the genu of the corpus callosum showing a continuous view of the anterior and posterior horns of the lateral ventricles (Figure 1 ) was chosen as a reference slice. The center of a single 8cc voxel of predominantly gray (prefrontal) matter was centered on the frontal interhemispheric fissure, distal to the anterior horns of the lateral ventricles. Its proximal quadrant was placed immediately adjacent to the zone of delimitation between white and gray matter (i.e. corpus callosum's margin with cingulate gyrus), in a prefrontal area corresponding to the rostral cingulate area, partially occupying rostral area 24 (Devinsky et al. 1995) and 32 of Brodman (Fuster 1999 ). This voxel placement was selected according to anatomical correlation with neuronal circuit or pathways postulated in the neurobiology of affective components of human behavior (Vogt 1993 ) and bipolar disorder (Pearlson 1999) . Single voxel acquisitions were repeated if the quality of the spectra was not considered optimal. Any head movement was determined by observing the variation of the lineshape and amplitude of unsuppressed water (in magnitude mode) during manual pre-scan. Any head movement during data acquisition would be reflected from the linewidth of processed spectrum (in absorption mode). Sixty-four water-suppressed and four unsuppressed water signals were acquired (TR/TE ϭ 3s/30ms, total acquisition time of 3.5min) using the PRESS sequence. When the full-width at half maximum (FWHM) of the water peak was greater than 15Hz, the water suppression was considered unsatisfactory, typically resulting in a poor baseline caused by the unsuppressed water tail. Such spectra were discarded, but a second 1 H MRS was acquired from the same location and included in the final analysis. This happened in approximately 50% of the cases. The unsuppressed water free-induction-decays (FIDs) were used to correct the phase of the metabolite spectra. Essentially, there was no operator bias introduced in phasing the mI peak with respect to NAA and choline and creatine: The phasing of the spectrum after the post water suppression was done automatically, using the tissue water FID, on a post processing macro developed at UCLA, which includes Eddy current compensation, apodization, zero filling, Fourier transformation, and curve fitting and calculation of the ratios with respect to creatine. The reliability of measured data was controlled for by periodic calibration of the MR scanner against standard solutions of known concentration for spectroscopy.
H MRS PROCESSING
Data collection and analyses were conducted and interpreted in a blind manner by one research assistant (KY) trained in 1 H MRS acquisition and spectral analysis. Spectral processing of raw data done off-line on a Sun SPARC2 Workstation using SA/GE software (GE Systems, Milwaukee) consisted of a phase correction of the unsuppressed water FID, exponential apodization of 1.8Hz, zero-filling to 4096 complex points, and a Fast Fourier Transformation. Residual water signal was post-suppressed by a home-built algorithm. This software performs an automated (operator bias free) measurement of the areas under the curve of each of the spectral metabolite peaks for NAA, Cr, Cho and mI. The area under each of the resonance peaks is assumed to be proportional to the brain concentration of each specific metabolite. They were selected automatically by a Threshold Averaging algorithm with a threshold setting at 1.90E ϩ 6 units, and then Lorentzian-curve fitted using a Marquardt Algorithm with the peak table generated above as the initial guess. We assumed an exponential waveform for the apodized FID signals. After (fast) Fourier transformation, the spectral peaks would be presumably close to Lorentzian in shape, which were subsequently fitted. The specific bandwidth of water suppression in our sample was 75 Hz [FWHM] . We calculated the mean and standard deviations of the linewidths on the spectra of our subjects. The mean linewidth was 7.3 Hz, and the standard deviation was 1.7 Hz,. As indicated above all linewidths above 15Hz were discarded and reacquired. Results are reported in fitted areas under the curve over ratios of Cr, a method well established in the field of 1 H MRS. In order to verify our assumption that Cr would not change with the experimental conditions we measured Cr to water ratios before and after lithium and found that the variation was only 1.8%.
DATA ANALYSIS
Temporal changes (week 0 versus week 1) in metabolite resonances were assessed using Wilcoxon signedrank test considering non-normality of distribution of outcome scores. Specifically, the outcomes analyzed were the change between a baseline spectral measure and a repeat measure one week after lithium therapy on each metabolite within subjects, and the average metabolite resonances for subjects versus controls at baseline. We explored sensitivity of findings owing to the fact that matching between subjects and controls was based only on age and gender. First, findings involving controls that approached significance ( p Ͻ .10) were subjected to two-sample Mann-Whitney U-tests. Secondly, we evaluated the sensitivity of significant results to the possibility of hidden bias from unobserved covariates using the method of Rosenbaum (Rosenbaum 1991). With this method, an unobserved parameter " " is used to index the amount by which two units matched on the given characteristics (here, age and gender) might differ in their odds of being in the treated group. The goal is to identify the magnitude of " " that would be needed to overturn a significant result from a matched-pair analysis. Data analysis was done using SPSS.
RESULTS
Demographic aspects of the sample are displayed in Table 1. More boys than girls were scanned, and the age distribution showed a preponderance of preadolescents versus adolescents. Nine subjects were Caucasian and two were Caucasian-African-American. The mean serum lithium level at week 1 was 0.64 mEq/L. Six patients showed a CGI score of 2 (much improved) at week 1, and four patients showed a CGI score of 3 (minimally improved) at week 1, after starting lithium therapy. Four of the six patients who had a CGI of 2 at week 1 had a lithium level Ͼ 0.5mEq/L. A 10 year-old patient with a serum level of 0.30mEq/L showed a clinical response at week 1, which was sustained and increased at week 3 after his lithium serum level, was increased to 0.5mEq/L. Table 2 shows the results of the anterior cingulate cortex metabolites proton spectra reported in ratios of Cr. A significant ( p Ͻ .05) reduction in myo-inositol fitted area under the curve /Cr ratio was observed after 1 week of lithium therapy in children with BPD, as illustrated in Figure 2 and Figure 3 . An increase in average myo-inositol/Cr ratio in subjects during the mixed manic phase compared to normal controls approached significance ( p ϭ .054). Differences between subjects and controls were not significant for the other metabolites. A decrease in choline/Cr after 1 week of lithium therapy did not reach statistical significance ( p Ͻ .131 by Wilcoxon). Overall, NAA was the peak least affected by lithium. After removing a possible outlier the analysis still showed a strong trend of decreased myo-inositol /Cr after lithium ( p Ͻ .075).
On sensitivity analysis (Rosenbaum 1991), we found that hidden bias corresponding to a value of less than 1.2 would still imply that the two-tailed p -value for comparison of treated and control values of myo-inositol would remain less than 0.1, but for values of 1.25 or more, p -values less significant than 0.1 are plausible.
When responders and non-responders were compared at week 1, defined by a CGI score of at least 2 (much improved), myo-inositol /Cr was decreased at one week versus baseline in the lithium-responder group ( p Ͻ .012, Wilcoxon Signed Ranks Test), but not in the lithium-non-responder group ( p Ͻ .655, Wilcoxon Signed Ranks Test).
A two-tailed Pearson's correlation coefficient between lithium blood levels and metabolite resonances before and after lithium therapy was attempted. Before calculating a correlation coefficient, the data was screened for outliers (which can cause misleading results) and evidence of a linear relationship was not found for any of the metabolites. 
DISCUSSION
Results from our study show evidence of a significant decrease in anterior cingulate myo-inositol /Cr ratios following seven days of lithium therapy in children and adolescents with early-onset BPD. The observed association and possible reduction in anterior cingulate cortex myo-inositol with lithium is consistent with in vitro studies of lithium's action (Manji et al. 1996) . It is also consistent with a recent report of decreased myo-inositol levels after 5-7 days of acute lithium treatment, and at week 4, in sample of adults with BPD (Moore et al. 1999) , suggesting that in vivo changes in anterior cingulate myo-inositol resonance after lithium in patients with BPD demonstrate consistency across development. The relevance of myo-inositol changes measured 
Figure 2.
1 H MRS spectra of cingulate area in a manic pre-adolescent with BPD after lithium therapy: A-raw spectrum; B-fitted spectrum; C-simulated deconvoluted spectra; D-difference between A-B.
in this location is supported by clinical syndromes associated with identifiable anatomic locations (Strakowski et al. 1999 ) manifesting with emotional dysregulation, and by studies (George et al. 1998; Ketter et al. 1996; Mayberg et al. 1999 ) involving healthy volunteers showing brain activation induced by mood states. Disruptions in this limbic-thalamic-prefrontal cortical circuit (Cummings 1995 ) may contribute to the behavioral syndromes associated with BPD.
A comparison of effect sizes estimated from the Moore adult study (Moore et al. 1999 ) and our data shows that for myo-inositol /Cr, our measured effect size (taking the observed mean difference in area under the curve divided by the standard deviation of the differences), was 1.0, yielding a result that just achieved statistical significance. In contrast, Moore's findings (Moore et al. 1999 ) implied a larger effect size of 2.6. Their study reflects myo-inositol levels and not myoinositol /Cr ratio, which may explain the differences in effect size, nonetheless still showing a robust effect. It is possible that non-significant findings on other variables in our study could be explained by a lack of power in the available sample, as the required sample size for 80% power with alpha ϭ 0.05 would be 15 for an effect size of 0.8, 24 for an effect size of 0.6, and 52 for an effect size of 0.4.
Our results differ from those of Silverstone and collaborators, who did not report any significant effects of seven days of lithium administration on myo-inositol levels in the temporal lobes of healthy volunteers (Silverstone et al. 1996) . This study has a number of methodological differences compared to ours, mainly the inclusion of healthy volunteers rather than patients with BPD, and the choice of temporal lobes versus anterior cingulate as a region of interest.
It is possible that the pre-to-post lithium reduction in myo-inositol /Cr in our sample was skewed to some degree by the very high myo-inositol /Cr ratio at baseline in one subject. After removing this subject's data from the analysis the decrease in myo-inositol /Cr post lithium was no longer statistically significant but a strong decrease of the myo-inositol /Cr ratio after lithium remained. This pattern of myo-inositol /Cr decrease post-lithium was observed in eight of the ten remaining subjects.
That six patients had comorbid diagnoses, the most common being ADHD, is typical of the psychopathology of early-onset BPD (Biederman et al. 1996) . The presence of a non-affective childhood psychiatric diagnosis does not diminish the likelihood of a therapeutic response to lithium among adolescents with acute mania, although the potential trait-effect ADHD may have as a condition on the proton spectra of five patients with comorbid ADHD constitutes a limitation of this study.
Uncertainty over developmental modifications of diagnostic criteria for early onset BPD may lessen the conclusions pertaining to biological measures in this population. A lack of clear definitions regarding the severity and characteristics of classic mania as it applies to children has contributed to the blurring of diagnostic boundaries in early onset BPD. Nevertheless, the somewhat atypical clinical presentation of juvenile-onset BPD, including extreme hyperactivity, moodiness, chronic rather than episodic irritability and prolonged temper tantrums (Geller and Luby 1997) , alternating with depressive symptoms and difficulty sleeping at night (Weller et al. 1995) , differentiates children diagnosed with BPD in our sample from children with ADHD (Biederman et al. 1996) . Although some of these symptoms-hyperactivity, distractibility, impulsive risk taking-prevail in both BPD and ADHD, testing with standard screening rating scales also show that delinquent and aggressive behavior, somatic complaints, anxiety/depression, and thought problems are far more severe in children with BPD than ADHD (Biederman et al. 1995 ).
Significant differences between subjects and controls were not found for any of the metabolites. A near significant difference was seen for myo-inositol in subjects during the manic phase compared to normal controls. The lack of significance of differences between patients and controls may be due to lack of statistical power due to the small size of this sample. From our sensitivity analysis we conclude that, because it is plausible that an unobserved characteristic that is not controlled in the matching might confer an odds ratio of 1.25 in favor of being in the treated rather than the control arm, given that an odds ratio of 1.25 is not very large a priori, there is a considerable amount of sensitivity in the significance of the results we report. This is not surprising, however, based as they are on a very modest sample size.
The potential identification of a biological marker of treatment response continues to have importance for both children and adults with BPD. One biological (Stoll et al. 1991) and several clinical (Bowden 1995; Calabrese et al. 1996) predictors of acute lithium treatment response have been reported in adults. Severity of manic versus mixed (Calabrese et al. 1996) , and depressive (Swann et al. 1997 ) symptomatology, prior response to lithium, and infrequent episodes (Bowden 1995) have been associated with lithium responsiveness in adults with BPD. Similarly, elevated erythrocyte choline levels has been correlated with less likelihood of response to lithium monotherapy in a subgroup of perhaps more severely ill patients (Stoll et al. 1991) . Confounders such as definition of response, mood state, prior lithium exposure, and compliance have undermined the literature with inconsistencies. Examining our lithium responders, in patients with a CGI of 2 ("much improved") or above at week 1 (scanned during a manic phase, none with prior lithium exposure), a pattern of early decrease in myo-inositol /Cr after one week of lithium may portend a good therapeutic response. Accordingly, Moore and colleagues (Moore et al. 1999) , have suggested that an acute decrement in the prefrontal myo-inositol in vivo resonance may indicate a successful alteration of the cascade of secondary messenger signaling and possible gene expression changes ultimately associated with clinical efficacy. In this sense, BPD children who display reduction in anterior cingulate myo-inositol signal early on after initiation of lithium therapy may be predicted to show a better treatment response versus those in which myo-inositol shows no significant change after acute lithium therapy. This hypothesis needs to be demonstrated with a larger sample, especially since changes in myo-inositol might be related to improvement in mania and not to lithium administration per se. In two of our responder subjects (males, ages 10 and 8; lithium levels 0.4 mEq/L and 0.6 mEq/L) myo-inositol signal changes following lithium administration occurred before clinical changes in mania ratings, suggesting the detection of a biochemical signal prior to clinical change. Nevertheless, in the remaining five responders (mean lithium 0.7 mEq/L) improvement in mania ratings were measured at week 1.
In summary, this preliminary report lends support to existing evidence of lithium's suppressive effect on the inositol system. Although no significant differences were seen in metabolite ratios between subjects and controls, there was a strong trend towards increased myo-inositol /Cr and choline/Cr in lithium naive subjects versus controls.
Limitations of the study include small sample size, use of a single voxel for anatomical location, and only one repeat MRS assessment following start of lithium therapy. Scanning a second region in the brain, one not thought to be involved in the neurophysiology of BPD, could have shown if myo-inositol changes are regionally specific, and yet the clinical status of the subjects did not allow for a prolonged MRS acquisition.
No adjustment has been made to the results for multiple comparisons. Given the available sample size, it is not possible to rule out that the significant findings we observed were actually Type I errors, i.e., the most significant results across several comparisons with no underlying differences between groups. Nonetheless, given the exploratory nature of the study, we do not regard adjustment for multiple comparisons as desirable, as such adjustments can give rise to Type II errors (erroneous findings of non-significance).
It has been reported that at 1.5T field strength, the MRS peak due to glycine overlaps with the myo-inositol peak at 3.54ppm (Miller 1991) . We acknowledge, therefore, the potential confounder presented by the resonances of glycine and inositol-1-phophate on the myo-inositol resonance peak. Nevertheless, concordant with Moore and colleagues (Moore et al. 1999 ) and on the basis of prior findings (Ross et al. 1994) we believe these compounds contribute a minor (Ͻ 5%) component to the myo-inositol resonance. The proximity of mI to the water resonance may also constitute a confounder. Nevertheless, water resonates at 4.8 ppm and mI resonates at 3.5 ppm, therefore they are 83 Hz away from each other in the normal spectrum. The specific bandwidth of water suppression in our sample was 75 Hz, conceivably not affecting the myo-inositol desaturate or suppressing the myo-inositol peak significantly. The current data is analyzed under the assumption of a complete Lorentzian line shape for mI. In our future measures a combined Lorentzian /gaussian line shape for fitting the peaks will be utilized.
An additional limitation of this study is the paucity of data concerning a possible developmental variability in metabolite resonances across childhood and adolescence. Although not observed in our small sample, age-related changes have been described for myo-inositol and for choline in very young children, with myo-inositol found to be very prominent in spectra at birth, and choline increasingly seen in older infants (Kreis et al. 1993) . Studies are underway to clarify the developmental influences on proton spectra resonances in the anterior cingulate cortex, given the structural changes observed during development (Giedd et al. 1996) in this and other related areas of the brain correlated with mood regulation. Also, more information on the possible influence of psychotropics on metabolite peaks is needed. Since we do not know if spectroscopic findings are state or trait-related in this population, the potential independent effect of a diagnosis of ADHD needs to be explored. Future studies are clearly needed to further investigate the relationships between clinical characteristics, baseline brain metabolism spectra, structural variation, and treatment response.
